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ȺɇɇɈɌȺɐɂə ȼ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧ ɢ ɨɩɢɫɚɧ ɪɹɞ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɤ
ɞɚɜɥɟɧɢɸɩɥɟɧɨɤ ɞɥɹ ɨɛɨɫɧɨɜɚɧɢɹ ɩɪɢɦɟɧɢɦɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɜɚɪɢɚɧɬɚɦɟɬɨɞɚ ɝɪɚɧɢɱɧɵɯ ɢɧɬɟɝɪɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 
ɋɪɚɜɧɟɧɢɟ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɤɨɧɬɚɤɬɧɵɯ ɞɚɜɥɟɧɢɣ ɩɨɥɭɱɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢ ɩɪɢ ɱɢɫɥɟɧɧɨɦ ɪɟɲɟɧɢɢ ɦɟɬɨɞɨɦ
ɝɪɚɧɢɱɧɵɯɷɥɟɦɟɧɬɨɜɩɨɞɬɜɟɪɞɢɥɨɩɨɥɧɨɟɤɚɱɟɫɬɜɟɧɧɨɟɢɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɟɤɨɥɢɱɟɫɬɜɟɧɧɨɟɫɨɨɬɜɟɬɫɬɜɢɟɪɚɫɱɟɬɧɵɯ
ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɉɨɝɪɟɲɧɨɫɬɶ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɩɥɨɳɚɞɨɤ ɤɨɧɬɚɤɬɚ ɢ ɦɚɤɫɢɦɚɥɶɧɵɯ ɤɨɧɬɚɤɬɧɵɯ
ɞɚɜɥɟɧɢɣɧɟɩɪɟɜɵɫɢɥɚ 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ ɤɨɧɬɚɤɬɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɨɞ ɝɪɚɧɢɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ
ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɝɢɞɪɨɨɛɴɟɦɧɚɹɩɟɪɟɞɚɱɚɱɭɜɫɬɜɢɬɟɥɶɧɵɟɤɞɚɜɥɟɧɢɸɩɥɟɧɤɢ.  
 
NUMERICAL AND EXPERIMENTAL STUDY OF CONTACT FOR BODIES OF 
COMPLEX SHAPE 
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ABSTRACT This work delivers results of experimental studies performed in order to justify the validity of the developed version of 
the boundary element method that accounts for the compliance of the intermediate layer. Experimental investigation of contact 
interaction of complex shaped bodies in the presence of local compliance of conjugate surfaces has been conducted on a prototype of 
a hydrovolumetric drive, for which the contact area and the magnitude of the contact pressure were determined by means of pressure 
sensitive films. In order to capture the entire domain where contact pressure is applied and their maximal values and therefor for the 
sake of measurement error reduction each test is made using two types of contact films: MS and HS. It was demonstrated that the 
increased compliance of the intermediate layer results in contact over a larger area and leveling of the maximal contact pressure 
pike. With the increase of pressing force both the size of the contact zone and the values of contact pressure grow. Comparison of 
contact pressure distributions obtained experimentally and from numerical boundary element method solution confirmed full 
qualitative and quantitative correspondence of the experimental and numerical results. The discrepancy in contact area and maximal 
contact pressure was less then 10%. The results are summarised in a curve chart that contains correlation between the size of the 
contact area and the value of the maximal contact pressure for different local compliances of the contact layer. 
Keywords: contact interaction, boundary element method, stress-stain state, roughness, hydrovolumetric drive, pressure sensitive 
films 
 
ȼɜɟɞɟɧɢɟ 
 
ȼ ɫɨɜɪɟɦɟɧɧɨɦ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ ɤɨɧɬɚɤɬɧɨɟ
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ± ɨɞɢɧ ɢɡ ɨɫɧɨɜɧɵɯ ɫɩɨɫɨɛɨɜ
ɩɟɪɟɞɚɱɢɦɟɯɚɧɢɱɟɫɤɨɝɨɜɨɡɞɟɣɫɬɜɢɹɦɟɠɞɭɞɟɬɚɥɹɦɢ
ɦɚɲɢɧ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɉɪɢ ɷɬɨɦ ɞɥɹ
ɩɟɪɟɞɚɱɢ ɫɥɨɠɧɵɯ ɜɢɞɨɜ ɞɜɢɠɟɧɢɹ ɭɜɟɥɢɱɟɧɢɹ
ɧɚɝɪɭɡɨɱɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɚ ɬɚɤɠɟ ɭɦɟɧɶɲɟɧɢɹ
ɦɚɤɫɢɦɚɥɶɧɵɯ ɤɨɧɬɚɤɬɧɵɯ ɞɚɜɥɟɧɢɣ ɩɪɢ
ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɧɨɜɵɯ ɢɡɞɟɥɢɣ ɢɯ ɮɨɪɦɚ
ɭɫɥɨɠɧɹɟɬɫɹ. ɗɬɨ ɩɨɪɨɠɞɚɟɬ ɩɪɨɛɥɟɦɭ ɜɵɛɨɪɚ
ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɫɩɨɫɨɛɚ ɚɧɚɥɢɡɚ ɧɚɩɪɹɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨɫɨɫɬɨɹɧɢɹ ɇȾɋ ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ
ɫɥɨɠɧɨɩɪɨɮɢɥɶɧɵɯ ɬɟɥ ɩɨɫɤɨɥɶɤɭ ɞɥɹ ɬɚɤɢɯ ɬɟɥ 
ɧɟɥɶɡɹɧɚɩɪɹɦɭɸɩɪɢɦɟɧɢɬɶɬɪɚɞɢɰɢɨɧɧɵɟɦɟɬɨɞɢɤɢ
ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɬɟɨɪɢɢ Ƚɟɪɰɚ [1, 2]. Ɍɚɤɠɟ ɯɚɪɚɤɬɟɪ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɧɬɚɤɬɧɵɯ ɞɚɜɥɟɧɢɣ ɢ ɜɟɥɢɱɢɧɚ ɢɯ
ɩɥɨɳɚɞɨɤ ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ ɭɱɟɬɭ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ
ɮɚɤɬɨɪɨɜ ɬɚɤɢɯ ɤɚɤ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɧɚɥɢɱɢɟ
ɩɪɨɤɥɚɞɨɤɧɚɩɵɥɟɧɢɣ ɢɬɞ 
Ⱦɥɹ ɚɧɚɥɢɡɚ ɇȾɋ ɩɪɢ ɤɨɧɬɚɤɬɧɨɦ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɭɱɟɬɨɦ ɷɬɢɯ ɮɚɤɬɨɪɨɜ
ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ 
ɇɚɢɛɨɥɟɟɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟɢɡɧɢɯ± ɦɟɬɨɞɤɨɧɟɱɧɵɯ
ɷɥɟɦɟɧɬɨɜɆɄɗ[3, 4] ɢɦɟɬɨɞɝɪɚɧɢɱɧɵɯɷɥɟɦɟɧɬɨɜ
ɆȽɗ[5-8]. 
ȼ ɪɚɛɨɬɟ [9] ɩɪɟɞɥɨɠɟɧ ɜɚɪɢɚɧɬ ɦɟɬɨɞɚ
ɝɪɚɧɢɱɧɵɯɷɥɟɦɟɧɬɨɜɞɥɹɪɟɲɟɧɢɹɤɨɧɬɚɤɬɧɵɯɡɚɞɚɱ
ɩɨɡɜɨɥɹɸɳɢɣ ɭɱɢɬɵɜɚɬɶ ɩɪɨɢɡɜɨɥɶɧɭɸ ɮɨɪɦɭ
ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨɡɚɡɨɪɚ ɦɟɠɞɭɫɨɩɪɹɝɚɟɦɵɦɢɬɟɥɚɦɢ
ɱɬɨɩɨɡɜɨɥɹɟɬɪɚɫɲɢɪɢɬɶɨɛɥɚɫɬɶɢɫɫɥɟɞɭɟɦɵɯ ɡɚɞɚɱ
ɧɚɛɨɥɟɟɲɢɪɨɤɢɣɤɥɚɫɫɨɛɴɟɤɬɨɜɌɚɤɠɟɩɪɟɞɥɨɠɟɧɚ
ɦɨɞɟɥɶ ɭɱɟɬɚ ɥɨɤɚɥɶɧɨɣ ɩɨɞɚɬɥɢɜɨɫɬɢ 
ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɫɥɨɹ ɦɟɠɞɭ ɤɨɧɬɚɤɬɢɪɭɸɳɢɦɢ
ɬɟɥɚɦɢ ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɦɨɞɟɥɢ ȼɢɧɤɥɟɪɚ [10]. ɉɪɢ
ɩɨɦɨɳɢ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨ-
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ɦɨɞɟɥɶɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɩɪɢ
ɪɟɚɥɢɡɚɰɢɢ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ
ɪɟɲɟɧɪɹɞɩɪɢɤɥɚɞɧɵɯɡɚɞɚɱ 
ɉɨɥɭɱɟɧɧɵɟɱɢɫɥɟɧɧɵɟɪɟɡɭɥɶɬɚɬɵɧɭɠɞɚɸɬɫɹ
ɜ ɩɨɞɬɜɟɪɠɞɟɧɢɢ ɞɚɧɧɵɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ
ɢɫɫɥɟɞɨɜɚɧɢɣ 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧ ɢ ɨɩɢɫɚɧ ɪɹɞ
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɥɹ ɨɛɨɫɧɨɜɚɧɢɹ
ɩɪɢɦɟɧɢɦɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɜɚɪɢɚɧɬɚ ɆȽɗ ɫ
ɭɱɟɬɨɦ ɧɚɥɢɱɢɹ ɩɨɞɚɬɥɢɜɨɫɬɢ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɫɥɨɹ 
ɦɟɠɞɭɤɨɧɬɚɤɬɢɪɭɸɳɢɦɢɬɟɥɚɦɢ  
 
ɐɟɥɶɪɚɛɨɬɵ 
 
ɐɟɥɶ ɪɚɛɨɬɵ ɫɨɫɬɨɢɬ ɜ ɪɚɫɱɟɬɧɨ-
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɤɨɧɬɚɤɬɧɨɝɨ
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɫɥɨɠɧɨɩɪɨɮɢɥɶɧɵɯ ɬɟɥ ɩɪɢɧɚɥɢɱɢɢ
ɦɟɠɞɭ ɧɢɦɢ ɭɩɪɭɝɨɝɨ ɫɥɨɹ ɢ ɜ ɨɛɨɫɧɨɜɚɧɢɢ ɧɚ ɷɬɨɣ
ɨɫɧɨɜɟ ɬɨɱɧɨɫɬɢ ɩɪɨɜɟɞɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɱɢɫɥɟɧɧɵɯ
ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɵɩɨɥɧɟɧɧɵɯ ɩɪɢ ɩɨɦɨɳɢ ɦɟɬɨɞɚ
ɝɪɚɧɢɱɧɵɯɷɥɟɦɟɧɬɨɜ 
 
ɂɡɥɨɠɟɧɢɟɨɫɧɨɜɧɨɝɨɦɚɬɟɪɢɚɥɚ 
 
ȼ ɪɚɛɨɬɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ
ɤɨɧɬɚɤɬɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɥɨɠɧɨɩɪɨɮɢɥɶɧɵɯ ɬɟɥ
ɫ ɭɱɟɬɨɦ ɥɨɤɚɥɶɧɨɣ ɩɨɞɚɬɥɢɜɨɫɬɢ ɫɨɩɪɹɝɚɟɦɵɯ
ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɛɭɫɥɨɜɥɟɧɚ ɧɚɥɢɱɢɟɦ ɥɢɛɨ
ɲɟɪɨɯɨɜɚɬɨɫɬɢɥɢɛɨɩɪɨɤɥɚɞɨɤɧɚɩɵɥɟɧɢɣɩɥɟɧɨɤɢ
ɬɞ ɩɪɨɜɟɞɟɧɨ ɧɚ ɨɩɵɬɧɵɯ ɨɛɪɚɡɰɚɯ ɷɥɟɦɟɧɬɨɜ
ɝɢɞɪɨɨɛɴɟɦɧɨɣ ɩɟɪɟɞɚɱɢ ȼ ɩɪɨɰɟɫɫɟ
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɩɪɟɞɟɥɹɥɢɫɶ 
ɜɟɥɢɱɢɧɵ ɤɨɧɬɚɤɬɧɵɯ ɩɥɨɳɚɞɨɤ ɢ ɤɨɧɬɚɤɬɧɵɯ
ɞɚɜɥɟɧɢɣ ɦɟɬɨɞɨɦ ɤɨɧɬɚɤɬɧɵɯ ɨɬɩɟɱɚɬɤɨɜ ɫ
ɩɪɢɦɟɧɟɧɢɟɦ ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɤ ɞɚɜɥɟɧɢɸ ɩɥɟɧɨɤ 
ɗɬɢ ɩɥɟɧɤɢ ɪɚɡɪɚɛɨɬɚɧɵ ɤɨɦɩɚɧɢɟɣ )XML
[www.fujifilm.com] ɢ ɩɨɡɜɨɥɹɸɬ ɢɡɦɟɪɹɬɶ ɞɚɜɥɟɧɢɹ
ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɢɥɢ ɢɯ ɦɚɤɫɢɦɚɥɶɧɵɟ
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